The determination of trans unsaturated fatty acids in edible oils and fats by capillary gas-liquid chromatography (Technical Report)
Abstract: Collaborative studies on the application of capillary gas-liquid chromatography for the determination of trans unsaturated fatty acids are described. The method investigated involves preparation of methyl esters with methanolic potassium hydroxide followed by analysis of fatty acid methyl esters by gas-liquid chromatography on polar capillary columns. Care has to be taken in selecting working conditions to obtain the best obtainable resolution of signals necessary for reliable identification and determination of trans unsaturated fatty acids.
INTRODUCTION
trans Unsaturated fatty acids are mainly found in processed oils and fats and only rarely in nature, These fatty acids are not considered as essential fatty acids and their biological effects are questioned. Therefor nutritionists are interested in knowing the content of these fatty acids in different foods. To determine the various unsaturated isomers encountered a suitable capillary column has to be selected together with an optimal choice of gas-liquid chromatographic working conditions. Special care must be taken in the interpretation of the chromatograms.
1ST (PRELIMINARY) COLLABORATIVE STUDY
Based on collaborative studies for the determination of n-3 and n-6 unsaturated fatty acids [I] the Commission decided to study the application of the standardised gas-liquid chromatographic method capillary column to hydrogenated vegetable oils. In a preliminary study in 1986/87 four samples of soybean oil with different degrees of hydrogenation, including a sample in duplicate, were sent for evaluation. Participants were asked to apply their usual working conditions and report results for the main fatty acids, as well as for the sum all unsaturated fatty acids containing 18 C-atoms. Additionally, it was appreciated when participants could identify some of the unsaturated fatty acids.
Eleven laboratories sent results for evaluation. Almost all of them identified the sample sent in duplicate. Interpretation of the chromatograms sent by participants revealed that signal evaluation should be more standardised. The Commission considered results columns of this preliminary study as promising. It was decided to continue the study during the following year with application of the method to animal oils and fats.
2ND COLLABORATIVE STUDY AND RESULTS
For the second collaborative study in 1987188 samples of beef tallow and lard as well as a blend of 90 per cent of beef tallow with 10 per cent of lard were provided together with samples of fish oil, hydrogenated fish oil and a one-to-one blend of these two oils. Samples were sent in blind duplicates and participants were again asked to apply the preparation of methyl esters according to method 2.301 [2] and their usual working conditions to achieve maximal resolution of signals on their equipment.
Ten laboratories sent their resuIts and the working conditions applied together with copies of chromatograms. Most capillary columns used were 50 m in length and coated with cyanopropylenepolysiloxane. Furthermore, most participants used split injection and temperature programming. Almost all participants could identify the pairs of samples, but had problems in identifying fatty acid signals. Statistical evaluation of some results is given in Table 1 , where the number of results considered for a statistical evaluation are those who correctly recognised the signals of the different trans fatty acid isomers. The number of results eliminated are those considered as outliers by Cochrans' or Dixons' outlier tests. The remaining results after deduction of outliers are used for calculation of repeatability and reproducibility [3] . Values for repeatability and reproducibility were similar to those reported in the ring tests of the determination of n-3 and n-6 unsaturated fatty acids, but for isolated signals only e.g. for those of C-14:0, C-16:0 or C-18:0 [l]. The same is true for repeatability values for C-18:l and its isomers, but not for reproducibility values (see Table 2 ). One reason for these phenomena was that not all participants could identify all fatty acid signals and some had chromatograms with poorly separated peaks.
However, those who could correctly interpret their data reported results suitable for a statistical evaluation of straight oils, as well as of blended samples.
Therefore the overall opinion of the Commission was that the analytical method tested gave satisfactory results for well-separated signals. Repeatability and reproducibility could, however, be improved in applying a more strict protocol particularly for evaluation of partially overlapping signals.
3RD COLLABORATIVE STUDY
For the 1988189 study samples of pure and hydrogenated soybean oil and a one-to-one blend of these oils in duplicate were distributed. The codes were as follows, soybean oil; sample A; hydrogenated soybean oil; sample B; the one-to-one blend of pure soybean oil with hydrogenated soybean oil sent in duplicate ; sample C and D (see Tables 2 and 3 ). In the protocol emphasis was given to an uniform integration of the various trans fatty acid signals eluting in the region of C-l8:l isomers I to 111. Participants were requested as in the previous studies, to apply the quick method for the preparation of fatty acid methyl esters according to method 2.301 [2] and to optimise their working conditions to obtain the requested resolution of signals.
Sixteen laboratories sent results together with their working conditions and copies of their chromatograms. As in the previous study most participants used capillary columns of 50 to 60 m in length and 0.25 -0.32 mm internal diameter with a cyanopropylene-polysiloxane based coating. Again most participants applied split injection and only a few used on column injection. Helium was preferred to hydrogen as carrier gas and some participants even used nitrogen. Most laboratories applied temperature programming. Results for isomers I to I11 are given in Table 2 . Statistical evaluation of results for fatty acids signals assigned to C-18:l isomers I to I11 is given in Table 3 . Once again results for repeatabilty r and reproducibiliy R were found to be acceptable for isolated signals. However, for overlapping peaks, such as those for trans fatty acids isomers were far from satisfactory. The commission agreed that the general method 2.304 for fatty acid determination by capillary gas-liquid chromatography as tested could also be adopted for hydrogenated oils and fats. It was, therefore, decided to repeat once more the collaborative study with hydrogenated vegetable oils. For this purpose the use of a work station was considered essential to ensure accuracy of integration where peaks could not be fully resolved.
Pure (SBO) and hydrogenated (SBO hydr) and a one-to-one blend of pure and hydrogenated soybean oil (SBO/SBO hydr 50/50) were distributed together with a sample of hydrogenated rape seed oil (RSO hydr, and a sample a one-to-one blend of pure and hydrogenated rape seed oil (RSORSO hydr 50/50). Samples were distributed again as differently coded blind duplicates. As in the previous studies participants were asked to apply the cold methylation method 2.301 [2] for the preparation of the fatty acid methyl esters.
Ten laboratories sent 12 sets of results. Their working conditions and the capillary columns used are summarised in Table 4 . Results confirmed in more conclusively way previous findings. Identification of signals was not evident for all participants as not all of them could achieve the resolution necessary for a complete identification and determination of the trans fatty acids.
Those who could identify the various fatty acids reported results suitable for statistical evaluation as shown by the examples in Table 5 .
Even the most polar capillary column can not resolve all cis and trans isomers of C-18 unsaturated fatty acids. Thus signals are partially overlapping and a correct integration of peaks is often impossible. Not all laboratories have work station with a computer program allowing integration of overlapping signals as proposed in the study. Not all laboratories could achieve the necessary chromatographic resolution too. Also there is a lack of reference standards for trans isomers of fatty acids which could help to ensure a correct and unambiguous identification of the signals. Results of those participants who correctly identified fatty acids showed acceptable values for repeatability r and reproducibility R. For well resolved signals r and R were also good.
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CONCLUSIONS
The Commission considers the general method 2.304 of the 1 st supplement of its standardised method gasliquid chromatography on capillary column as applicable for the determination of trans fatty acids in hydrogenated fats. For an unambiguous identification of the different types of fatty acid gas-liquid conditions have to be adapted accordingly. In case of a lack of reference standards the use of mass spectrometry is suggested.
Therefore the commission considers the task of the Working group on the determination of trans fatty acids in edible oils as completed. 
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